Stirred, pH-controlled anaerobic batch cultures were used to investigate the in vitro effects of galacto-oligosaccharides (GOS) alone or combined with the probiotic Bifidobacterium bifidum 02 450B on the canine faecal microbiota of three different donors. GOS supported the growth of B. bifidum 02 450B throughout the fermentation. Quantitative analysis of bacterial populations by FISH revealed significant increases in Bifidobacterium spp. counts (Bif164) and a concomitant decrease in Clostridium histolyticum counts (Chis150) in the synbiotic-containing vessels compared with the controls and GOS vessels. Vessels containing probiotic alone displayed a transient increase in Bifidobacterium spp. and a transient decrease in Bacteroides spp. Denaturing gradient gel electrophoresis analysis showed that GOS elicited similar alterations in the microbial profiles of the three in vitro runs. However, the synbiotic did not alter the microbial diversity of the three runs to the same extent as GOS alone. Nested PCR using universal primers, followed by bifidobacterial-specific primers illustrated low bifidobacterial diversity in dogs, which did not change drastically during the in vitro fermentation. This study illustrates that the canine faecal microbiota can be modulated in vitro by GOS supplementation and that GOS can sustain the growth of B. bifidum 02 450B in a synbiotic combination.
Introduction
The effects of supplementing food products with probiotics and prebiotics have been studied extensively in humans, and recently, have become an important area of research in companion animal nutrition. The majority of studies in dogs have concentrated on the prebiotic effects of inulin and/or fructo-oligosaccharides (FOS) (Swanson et al., 2002a, b; Vanhoutte et al., 2005; Verlinden et al., 2006) . These carbohydrates have been shown to selectively stimulate the growth of indigenous bacteria such as Lactobacillus spp. and Bifidobacterium spp. and also to increase shortchain fatty acid (SCFA) concentrations, while decreasing the production of putrefactive components (Swanson et al., 2002b; Flickinger et al., 2003a; Propst et al., 2003) . Lactobacilli and bifidobacteria are believed to be beneficial in humans, although their impact on the health status of dogs is less well established. The prebiotic effect of galactooligosaccharides (GOS) has also been studied in humans and pigs (Rycroft et al., 2001; Smiricky-Tjardes et al., 2003; Tzortzis et al., 2005) , but the potential of GOS as a canine prebiotic has not been explored extensively. Tzortzis et al. (2004) evaluated, in batch culture systems, the in vitro fermentation properties of a synthesized mixture of GOS (a-linked, as opposed to the b-linked GOS developed commercially) alone or within synbiotic combinations on the canine faecal microbiota. The novel mixture induced an increase in the concentrations of bifidobacteria when combined with either Lactobacillus acidophilus or Lactobacillus reuteri; however, the increase was higher with the GOS1 L. reuteri synbiotic. A decrease in the Clostridium clusters I and II was also observed with GOS and with GOS1L. reuteri after 24 h of fermentation.
Controlled feeding studies in dogs are the method of choice by which to determine the effects of potential canine prebiotics, probiotics or synbiotics. Because of the lack of information on the canine gut microbiota, a number of issues should be considered before feeding animals with prebiotics, probiotics or synbiotics. For example, the doses to be administered and specific animal characteristics, as well as economical considerations, should be taken into account before feeding trials are commenced (Flickinger et al., 2003b) . Although the results obtained from in vitro studies do not always correspond to those obtained in feeding trials, in vitro studies offer the advantage of frequent sampling and help to develop a clearer picture of the canine intestinal microbiota and the potential effects of prebiotics, probiotics and synbiotics on its composition. By definition, a synbiotic should manage the gut microbiota towards a healthier composition by enhancing the growth and activity of the probiotic with the prebiotic (Gibson & Roberfroid, 1995) . Only two synbiotic combinations (FOS1L. acidophilus and galactosyl melibiose mixture1L. reuteri) have been evaluated as synbiotics for dogs (Swanson et al., 2002a; Tzortzis et al., 2004) . The aim of the current study was to evaluate one synbiotic combination for its ability to enhance the growth of the probiotic and to modulate the canine intestinal microbiota in in vitro batch culture systems.
Materials and methods
Unless otherwise stated, all chemicals were supplied by Sigma Aldrich (UK).
Bacterial strains
Four commercially available probiotic lactobacilli [Lactobacillus plantarum 115 400B, L. acidophilus 14 150B (Danisco Inc.; New Century), L. acidophilus and Lactobacillus rhamnosus (PrimaLac Microbials; Clarksdale, Kansas)] and two commercially available probiotic bifidobacteria [Bifidobacterium longum 05 and Bifidobacterium bifidum 02 450B (Danisco Inc.)] were investigated. Probiotics were chosen on the basis of established commercial application and availability for subsequent in vivo studies. All test strains were stored on Cryobank cryogenic beads (Prolab Diagnostics, UK) at À 70 1C for long-term storage.
Carbohydrates
Three commercially available carbohydrates with purported prebiotic properties were investigated: short-chain FOS [scFOS Nutraflora s , 95% scFOS, degree of polymerization (DP) 3-5; GTC Nutrition Co., CO], inulin (Inulin IPS Raftifeed s , 90-95% inulin, average DP = 23; Beneo-Orafti, Belgium) and GOS (Bi 2 muno, 57% of mono and disaccharides, 25% of DP = 2 trans-GOS, 18% of DPZ3; Clasado, UK). Glucose (BDH, UK) was used as a nonselective control.
Determination of growth characteristics with different carbohydrates
Probiotic growth on each test carbohydrate was measured using cultivation techniques. Lactobacilli were grown in 10 mL of glucose-free De Man, Rogosa and Sharpe (MRS) medium (De Man et al., 1960) , while bifidobacteria were grown in 10 mL of glucose-free WC medium (Wilkins & Chalgren, 1976) containing one of the carbohydrate substrates (1% w/v). A control with 1% glucose (w/v) was also included. The 10 mL carbohydrate medium was inoculated with 100 mL of bacterial suspension in the late exponential phase (OD$0.8-0.9) and incubated for 24 h at 37 1C under anaerobic conditions (H 2 10%; CO 2 10%; N 2 80%; MACS 1000 Anaerobic cabinet, Don Whitley Scientific, UK). Serial dilutions were performed in phosphate-buffered saline (PBS) solution (0.1 M, pH 7.4; Oxoid, UK) and 20 mL aliquots of each dilution were plated onto MRS agar or WC agar to determine live bacterial counts after 0, 4, 8, 12 and 24 h of incubation. All experiments were carried out in triplicate on three different days. Specific growth rates were calculated using the following equation: m = ((ln Xt 2 À ln Xt 1 )/t 2 À t 1 ), where ln Xt 1 and ln Xt 2 are the number of CFU at time 1 (t 1 ) and time 2 (t 2 ), respectively, during the exponential growth phase and m is the specific growth rate (h À1 ). Bifidobacterium bifidum 02 450B was selected based on the high growth on the GOS material.
Probiotic strain and selection of a rifampicinresistant variant
To track B. bifidum 02 450B in mixed culture, rifampicinresistant variants were selected by successive overnight anaerobic incubation in WC broth with increasing rifampicin concentrations (from 0.0001 to 100 mg mL À1 ) as described by Saulnier et al. (2008) . The variants were tested for fermentation of GOS at 1% w/v as described before.
Donor screening for rifampicin-resistant faecal bifidobacteria
Adult Golden Retriever dogs were screened for rifampicin resistance in their faecal bifidobacterial and lactobacilli populations, in order to avoid masking from indigenous species. Faecal samples from 10 healthy dogs were collected on site, kept in an anaerobic cabinet and processed within 10 min of collection. A 1/10 w/v dilution in PBS was prepared and the samples were homogenized in a stomacher (Seward, UK) for 2 min at normal speed. Aliquots (20 mL) of this preparation were plated onto Rogosa agar (Rogosa et al., 1951) and Beerens agar (Beerens, 1990) containing 100 mg mL À1 of rifampicin for lactobacilli and bifidobacteria, respectively. Plates were incubated in the anaerobic cabinet at 37 1C for 48 h. Dogs were excluded as donors when growth occurred. Three dogs were selected and fed with a standard commercial dog food (Table 1) for 20 days before faecal sample donation for the in vitro fermentation runs. Dogs were free of any known metabolic and gastrointestinal diseases, were not taking probiotic or prebiotic supplements and had not taken antibiotics 6 months before the faecal samples were collected.
Stirred, pH-controlled, anaerobic faecal batch cultures
Probiotic B. bifidum 02 450B, prebiotic GOS and their synbiotic combination were evaluated in anaerobic 24-h stirred, pH-controlled, batch cultures inoculated with canine faecal material. A negative control (NC) containing neither the probiotic nor the prebiotic was also included. Four batch fermenters were therefore run in parallel. The experiment was performed in triplicate, using one faecal sample from a different donor for each run. Sterile basal medium (135 mL) was aseptically added to each fermenter (300 mL working volume of a fresh 10% w/v faecal homogenate, prepared as described above. Culture pH was maintained at 6.8 ( AE 0.1) using automated pH controllers (Electrolab Ltd, UK) and the addition of 0.5 M NaOH or HCl, and temperature was maintained at 39 1C using a circulating water bath. The contents of the vessels were agitated constantly using a magnetic flea and stirrer. GOS was added to the basal medium just before addition of the faecal homogenate to yield a final concentration of 1% w/v and was the sole carbon source available during the 24-h fermentation period. In vessels inoculated with probiotic, 1 mL ($10 9 cells) of the rifampicin-variant strain was added. To prepare this culture, the B. bifidum 02 450B was grown anaerobically overnight, in 10 mL of WC or MRS broth containing 100 mg rifampicin mL À1 . Before addition, 1 mL of the probiotic culture was centrifuged for 5 min at 3000 g. The cells were then washed twice in PBS, centrifuged for 5 min at 3000 g and resuspended in 1 mL of PBS. In addition, 1 mL of the probiotic culture was serially diluted and plated onto Beerens agar containing 100 mg rifampicin mL À1 to determine the initial inoculum.
Sampling and enumeration of the probiotic rifampicin variant
Samples were obtained after 0, 5, 10 and 24 h of batch culture fermentation. Portions (5 mL) of culture fluid were removed from each vessel and prepared for FISH analysis and DNA extraction. Samples were also serially diluted and plated onto Beerens agar containing 100 mg rifampicin mL
À1
, in triplicate, to follow probiotic counts.
FISH

Sample fixing
The FISH technique was used to enumerate selected groups of bacteria belonging to the canine faecal microbiota as described by Martín-Peláez et al. (2008) , but with minor modifications. Briefly, 375 mL of culture fluid was diluted in 1125 mL of ice-cold 4% v/v paraformaldehyde. The samples were mixed thoroughly and then stored at 4 1C for 4 h, to fix the bacterial cells. Samples were then centrifuged at 13 000 g for 5 min, the supernatants were discarded and the cells were washed twice in PBS. The cell pellet was resuspended in 150 mL of filter-sterilized PBS, to which 150 mL of ice-cold, filter-sterilized 96% ethanol was added. The samples were mixed thoroughly and stored at À 20 1C.
Pretreatment of cells before the use of probe Lab158
For each sample, one tube of cells fixed in PBS/ethanol was centrifuged for 5 min at 13 000 g. The supernatant was removed carefully. The cell pellet was washed twice in 1 mL of filtersterilized PBS (5 min, 13 000 g). The cell pellet was then resuspended in 145 mL of lysozyme/lipase buffer [25 mM Tris/HCl, 585 mM sucrose, 5 mM CaCl 2 , 0.3mgtaurocholicacidmL À1 , 10 mM EDTA, 2 mg lysozyme mL
À1
, 1mg lipasemL À1 (porcine pancreas type II); pH 7.6] and incubated at 37 1C for 2 h. After this, the sample was centrifuged for 5 min at 13 000 g, and again washed twice in 1-mL filter-sterilized PBS. The supernatant was removed carefully, and the pellet was resuspended in 150 mL of ice-cold filter-sterilized PBS, to which 150 mL of ice-cold 96% ethanol was added. Samples were processed for FISH analysis within 2 days of this procedure being carried out.
Enumeration of bacteria
Details of the oligonucleotide probes used in this study are shown in Table 2 . 4 0 ,6-Diamidino-2-phenylindole dihydrochloride (DAPI), a stain for double-stranded DNA, was used to enumerate the total bacteria. Cy3-labelled oligonucleotide probes were obtained from Sigma Genosys (Sigma Aldrich). Slides were viewed under a Nikon E400 Eclipse microscope. DAPI slides were visualized with the aid of a DM400 filter; probe slides were visualized with the aid of a DM575 filter. Fifteen random fields of view were counted per sample, and the numbers of specific bacteria and total bacteria in each sample were determined using the following equation:
where DF is the dilution factor (300/375 = 0.8); ACC the average cell count of 15 fields of view; DF sample the dilution of the sample used with a particular probe or stain (e.g. 10 Â for Bif164 counts); 6732.42 the area of the well divided by the area of the field of view; and 50 takes the cell count back to per millilitre of sample.
SCFA analysis
Samples taken from the batch culture vessels were centrifuged at 13 000 g for 5 min to remove all particulate material. Supernatants were then filtered using 0.2 mm polycarbonate syringe filters (Whatman, UK) and 20 mL was injected into an HPLC system (Merck, NJ) equipped with refractive index detection. The column used was an ion-exclusion REZEX-ROA organic acid column (Phenomenex Inc., UK) maintained at 84.2 1C. Sulphuric acid in HPLC-grade water (0.0025 mmol L À1 ) was used as the eluent and the flow rate was maintained at 0.5 mL min À1 .
Quantification of the samples was obtained by comparing with calibration curves of lactic, acetic, propionic and butyric acids in concentrations ranging between 6.25 and 100 mM.
DNA extraction and PCR amplification
DNA was extracted from samples taken from each vessel using the phenol-chloroform method. Cells stored in 50% glycerol at À 70 1C for 1 month approximately were centrifuged for 5 min (13 000 g) and washed with 1 mL of sterile PBS. Cells were then resuspended in 500 mL of TES buffer (4 mM Tris-HCl, 1 mM Trizma-base s , 5 mM NaCl, 0.5 mM EDTA), followed by the addition of 8 mL of lysozyme (10 mg mL À1 , 50 000 U mg À1 ) and 2 mL of mutanolysin (1 mg mL À1 , 4000 Umg À1 ). The suspension was mixed by vortexing and incubated at 37 1C for 30 min. Samples were removed and placed on ice, and 10 mL of proteinase K (20 mg mL À1 , 30 U mg À1 ) and 10 mL of RNAse (10 mg mL À1 , 70 U mg À1 ) were added to the cell suspension.
Samples were mixed by vortexing and incubated at 65 1C for 1 h. After incubation, 100 mL of 10% sodium dodecyl sulfate was added to the cell suspension and mixed gently and incubated for a further 15 min at 65 1C. Samples were then removed and cooled on ice for 30 min and 620 mL of phenol/chloroform/water (25 : 24 : 1, v : v : v) was added. Samples were carefully mixed and centrifuged for 10 min (5000 g). The aqueous layer was removed and placed into a sterile centrifuge tube. Ice-cold ethanol (1 mL) was added and the samples were mixed by inversion. Samples were placed on ice for 30 min and stored overnight at À 20 1C.
Samples were centrifuged for 5 min (13 000 g) and the supernatant was discarded. Samples were left to dry at room temperature for $3 h. The DNA pellets were resuspended in 50 mL sterile-distilled water and stored at À 20 1C. PCRs were performed using the GoTaq s Polymerase kit (Promega, UK). PCR amplification of $200 bp of the variable V3 region of the 16S rRNA gene corresponding to positions 341-534 was performed as described by Waldram et al. (2009) .
Nested PCR was used to generate Bifidobacterium-specific profiles for the batch culture samples. Almost complete 16S rRNA genes were amplified using the universal 16S rRNA gene primers pA (5 0 -AGAGTTTGATCCTGGCTCAG-3 0 ; Escherichia coli numbering 9-28) and pH (5 0 -AAGGAGGT GATCCAGCCGCA-3 0 ; E. coli numbering 1521-1540) (Hoyles et al., 2004) . The programme used for amplification was an initial denaturation at 94 1C for 5 min, followed by 25 cycles at 95 1C for 30 s, 55 1C for 30 s and 72 1C for 1 min, with a final extension period at 72 1C for 5 min. A QIAquick PCR purification kit (QIAgen Ltd, UK) was used to clean up the PCR products (according to the manufacturer's instructions). For Bifidobacterium genus-specific PCR with primers Bif164-GC-r (5 0 -CGCCCGCCGCGCGCGGCGG GCGGGGCGGGGGCACGGGGGGCCACCGTTACACCGG GAA-3 0 ) and Bif662-f (5 0 -GGGTGGTAATGCCGGATG-3 0 , Satokari et al., 2001) , which produce amplicons of $520 bp, 1 mL of the purified PCR products was used. The PCR thermocycling programme was as follows: 95 1C for 5 min; 35 cycles of 94 1C for 30 s, 62 1C for 20 s and 68 1C for 40 s; 62 1C for 20 s; and 68 1C for 7 min. All PCR products were run on a 1.5% w/v agarose gel in 1 Â TAE buffer (National Diagnostic, UK) containing ethidium bromide (5 mL of a 0.4 mg mL À1 stock solution) to check for amplicons within the predicted size range.
Denaturing gradient gel electrophoresis (DGGE)
DGGE was performed as described by Waldram et al. (2009) , except that electrophoresis was run at a constant voltage of 100 V on the V20-HCDC DGGE system (BDH) with a gradient of 35-60% for P2/P3 and 40-50% for Bif164-GC-r/ Bif662-f. PCR samples (5 mL) were applied directly to polyacrylamide gels. After electrophoresis, gels were silverstained according to the method of Sanguinetti et al. (1994) , with the minor modifications described by Martín-Peláez et al. (2010) . The gel images were scanned using Canon scanning software (Canon Ltd, UK). Scanned DGGE images were analysed using QUANTITY ONE s software (Bio-Rad, UK) by scoring for the presence or absence of bands at different positions in each lane. DGGE profiles of samples from the gel were compared using a similarity matrix. Dendrograms were constructed using unweighted pair-group method with arithmetic mean (UP-GMA) analyses.
Sequencing of the DNA in bands extracted from DGGE gels
Bands from the Bifidobacterium-specific DGGE gel were excised, processed and analysed as described by Waldram et al. (2009) . All newly generated sequences have been deposited in the EBI database (accession numbers: FN831729-FN831761).
Statistical analyses
All data were analysed by ANOVA using the GLM procedure of SAS (v.9.1; SAS Institute Incorporated, Cary, NC).
Growth rates, batch culture data, probiotic growth and SCFA were analysed according to the following model:
where Y i is the dependent variable, m is the overall mean, a i is the effect of the carbohydrate (or probiotic or time) and e i represents the unexplained random error.
Differences between means were assessed using the PDIFF option of SAS adjusted by Tukey-Kramer. Statistical significance was accepted at P o 0.05.
Results
Influence of carbohydrates on the probiotic growth in pure culture Probiotic growth varied on the test substrates (Table 3) , although all probiotics showed high growth rates with glucose (the control). Bifidobacterium bifidum 02 450B grew best on GOS, with the highest growth rate and the highest cell density after 12 h. Bifidobacterium longum 05 also showed good growth on GOS, but significantly lower than that of B. bifidum 02 450B. Lactobacillus acidophilus PrimaLac displayed the highest growth rate on FOS (significantly higher than all the other probiotics); however, after 12 h of fermentation, cell densities were lower compared with the rest of the probiotics. With the exception of L. rhamnosus PrimaLac, all probiotic strains presented the lowest cell densities after 12 h on inulin; however, probiotic growth rates on inulin were similar to the rest of the substrates.
Modulation of bacterial populations in stirred, pH-controlled, anaerobic batch cultures FISH analysis was used to determine how B. bifidum 02 450B, GOS and their synbiotic combination affected the dominant members of the canine faecal microbiota. Total bacteria increased after 24 h in all systems. In general, most bacterial groups remained at similar levels throughout the fermentation for NC and B. bifidum 02 450B systems, with the exception of Bif164 and EC1531 (Table 4) . Bif164 levels were statistically higher after 10 h in the B. bifidum 02 450B system (P = 0.01), while EC1531 levels increased significantly in the NC system after 10 h of fermentation. However, after 24 h, the EC1531 population in the NC system was similar to the initial levels. Systems supplemented with GOS led to notable changes in the faecal microbiota. Bif164 levels increased throughout both the GOS and the synbiotic fermentations; however, the synbiotic system had significantly higher Bif164 counts than GOS alone at 10 and 24 h. Similarly, Lab158 counts increased significantly in the prebiotic and synbiotic fermentations compared with systems inoculated with probiotic and NC systems, which showed a decrease in Lab158 counts. The presence of GOS also had an effect on EC1531 levels, with significantly higher counts compared with B. bifidum 02 450B and NC fermentation. In contrast, Chis150 counts were similar in all systems after 10 h; however, significantly higher counts were observed after 24 h in the NC fermentation, whereas the lowest levels were observed in the synbiotic vessel. Bac303 counts were significantly higher in the prebiotic and synbiotic systems after 10 h, but after 24 h of fermentation, there were no significant differences between treatments. Erec482 counts increased in the probiotic, prebiotic and synbiotic vessels throughout the fermentation period, but remained stable in the NC system. After 24 h of fermentation, Erec482 levels were significantly higher in the probiotic, prebiotic and synbiotic systems compared with the NC vessel.
Monitoring of B. bifidum 02 450B growth
The growth of B. bifidum 02 450B was enhanced by the presence of GOS in the batch culture fermentations (Fig. 1) . Bifidobacterium bifidum 02 450B counts were similar in both probiotic and synbiotic systems after 5 h of fermentation. Thereafter, B. bifidum 02 450B levels reverted to the initial levels in the probiotic system. In the synbiotic system, B. bifidum 02 450B levels increased significantly between T5 and T10 and were maintained at the elevated level thereafter.
SCFA levels
The SCFA levels throughout the batch fermentations were influenced by the presence of GOS (Table 5) , with significantly higher levels compared with the probiotic and NC batch cultures at T10 and T24. Lactic acid levels increased significantly during the first 10 h for the probiotic, prebiotic and synbiotic systems, with markedly (P = 0.06) higher levels in the synbiotic fermentations compared with GOS alone. However, lactate levels decreased in all three systems thereafter. Acetate and propionate levels increased in all four systems after 10 h of fermentation and they continued to increase after 24 h, with the exception of the GOS system, which presented statistically lower levels of acetate compared with 10 h of fermentation (P = 0.01). Butyrate was not detected in any of the systems at 0 h, and was significantly higher in the prebiotic and synbiotic systems after 10 h compared with B. bifidum 02 450B and NC systems. Interestingly, butyrate levels continued to increase in the synbiotic system between T10 and T24, with significantly higher levels after 24 h of fermentation than all the other systems.
DGGE
UPGMA analyses of the universal DGGE profiles demonstrated one main cluster corresponding to GOS treatment T10 and T24 samples (Fig. 2) . Interestingly, the GOS profiles from each run formed subclusters of this prebiotic cluster (i.e. were most similar within each run rather than at each time point). A second nondescript cluster was also seen with the same similarity cut-off (i.e. 4 55% similarity). This cluster contained probiotic and NC treatment samples from runs 1 and 2, together with synbiotic samples for run 2 (T10 and T24) and for T10 run 1.
Bifidobacterial DGGE of batch culture fermentation samples demonstrated reasonably simple profiles (with 2-4 bands per sample) (Fig. 3) . A common band was seen in all the profiles (indicated by the arrow on Fig. 3) . At approximately the same position as this common band, another band was seen for profiles from T24 synbiotic samples (just above the common band), which was difficult to see on the scanned gel image. A band corresponding to that of the profile for B. bifidum 02 450B DNA was seen in some samples (most notably those from the probiotic and NC fermentation samples from runs 1 and 3), but not from all samples taken from systems inoculated with B. bifidum 02 450B.
Of the 36 randomly selected clones (four clones for each excised band), 33 contained inserts that could be used for sequence analysis (Table 6 ). One clone sequence was identified as Halomonas spp. (band 2) and seven others showed the 'best hit' for uncultured clone sequences. The remaining 25 clone sequences all had the 'best hit' for sequences from 16S rRNA genes of bifidobacterial isolates.
Discussion
The microbial ecology of the canine large intestine has not been well explored, particularly the effects of probiotics and prebiotics on the canine intestinal microbiota. In this study, we evaluated the potential of a synbiotic to modulate the canine faecal microbiota in vitro. Initial screening was conducted to select the preferred synbiotic combination, Values are given as least squares means. Superscripts (a, b, c, . . .) within a column indicate significant differences among treatments (P o 0.05). RSD, residual SD; ND, none detected.
which was then used for in vitro batch culture fermentations inoculated with canine faecal slurry. Changes in the microbial populations were determined using molecular-based techniques. We showed that GOS1B. bifidum 02 450B enhanced the growth of the probiotic and also has the ability to modulate the faecal microbiota by increasing bacterial groups that are considered to be health promoting, and reciprocally, by preventing the growth of bacterial groups that comprise of pathogenic species. The growth of probiotics in pure culture with the prebiotics showed strain specificity. GOS induced the greatest growth of B. bifidum 02 450B and B. longum 05. The ability of bifidobacteria to utilize GOS has been demonstrated extensively (Gopal et al., 2001; Rada et al., 2008; Zanoni et al., 2008) . This may be explained by the ability of bifidobacteria to produce b-galactosidase activity, an enzyme that hydrolyses GOS (Moller et al., 2001; Hinz et al., 2004; Goulas et al., 2007) . FOS was well utilized by all the probiotic strains tested, with the exception of L. rhamnosus. This result was consistent with the study by Kaplan & Hutkins (2000) , which showed that 12 out of 15 Lactobacillus strains were able to ferment FOS and L. rhamnosus GG could not ferment FOS. FOS is hydrolysed by extracellular bacterial b-fructosidases, but not all Lactobacillus spp. have the ability to produce these enzymes. In a recent study, Goh et al. (2007) demonstrated that the expression of the fosE gene (a b-fructosidase precursor) in the non-FOS fermenting L. rhamnosus GG enabled the recombinant strain to metabolize FOS. In the current study, both B. bifidum 02 450B and B. longum 05 were able to ferment FOS. This is in agreement with previous studies that reported the ability of bifidobacteria to produce b-fructosidases and to utilize FOS as a substrate (Warchol et al., 2002; Janer et al., 2004) . Inulin was the prebiotic that supported the lowest cell densities with most of the probiotic strains in this study, similar to previous studies (Makras et al., 2005; Rossi et al., 2005) .
The combination of GOS1B. bifidum 02 450B was deemed the most promising combination for further study and was subsequently selected for an additional study using 24 h pH-controlled, anaerobic batch cultures.
In order to determine whether the addition of a prebiotic could stimulate the growth of the probiotic in mixed microbial batch culture experiments, a rifampicin-resistant variant of the probiotic was induced to track the growth of the probiotic during the 24-h fermentation. This method has been applied in human and piglet studies (Simpson et al., 2000; Saulnier et al., 2008) ; however, in dogs (or with canine faecal inoculum), only two synbiotic studies exist (Swanson et al., 2002a; Tzortzis et al., 2004) . In both studies, the fermentation properties of a synbiotic were assessed, but neither monitored the growth of the probiotic itself. In the present study, we demonstrated that addition of the prebiotic enhanced the growth of B. bifidum 02 450B throughout the fermentation. This increase was not as significant as in the pure culture fermentation, which is due to the complex ecological interactions, such as competition for the substrate, which take place in a mixed culture.
The addition of GOS stimulated the growth of bifidobacteria, which were further increased by the concomitant addition of the probiotic B. bifidum 02 450B (i.e. synbiotic administration). This is in agreement with the in vitro study of Tzortzis et al. (2004) , which evaluated the effects of a galactosyl-melibiose mixture combined with L. reuteri. They observed the highest increases in bifidobacterial levels after 10 h in the synbiotic system. A further study by the same group (Tzortzis et al., 2005) used the same GOS as the current study and demonstrated a bifidogenic effect in pigs fed the higher dose of GOS (4%).
Clostridium cluster XIV also increased at the later time of the fermentation with all treatments. This bacterial group comprises both saccharolytic and proteolytic species, and so it is not surprising to observe an increase in this group even in the absence of carbohydrate (due to the fermentation of proteins present in the basal media) (Cummings et al., 1989; Gibson et al., 2004) .
Changes in Lab158 numbers after 24 h were less pronounced with the addition of GOS, while a decrease was observed in the NC treatment. Using human faecal inocula, Rycroft et al. (2001) showed that GOS (Oligomate 55) did not alter the levels of this bacterial group after 5 h of fermentation and actually decreased after 24 h. An interesting finding was that the numbers of Clostridium clusters I and II, comprising of potentially pathogenic species, did not increase during the first 10 h in the synbiotic systems (with a significant decrease after 24 h). Decreases in Chis150 numbers have also been reported in previous in vitro studies with GOS (Rycroft et al., 2001; Tzortzis et al., 2004) . In contrast, in an in vivo porcine study, faecal clostridia population numbers did not differ among the groups of pigs fed with either GOS or the control diet (Tzortzis et al., 2005) .
The in vitro fermentation system used in the present study is a very simplistic representation of the microbiological conditions in the large bowel compared with faeces, not only because faeces have been used to represent the microbial ecosystem in the colon but also because SCFA in the colon are rapidly absorbed, while in the in vitro system, they remain in solution. The higher levels of SCFA in vitro (Table 5) .
could explain the differences in the cell densities of some microbial groups between in vitro and in vivo studies.
There was a considerable increase in the levels of SCFA with the addition of GOS. A significant increase in lactic acid was observed in the synbiotic fermentation at 10 h, which correlated with higher Lab158 and Bif164 levels. Thereafter, a decline in the concentrations of lactate was seen. Recent studies suggest that lactate is rapidly converted by bacteria in the human intestinal tract (Duncan et al., 2004; Bourriaud et al., 2005) . Accordingly, an increase in butyrate concentrations was observed throughout the fermentation, particularly with GOS. Another explanation for elevated butyrate levels was an increase in the Clostridium cluster XIV. Barcenilla et al. (2000) , who investigated butyrate-producing bacteria in human faecal samples, found that most of the species were related to Eubacterium spp. However, the results of the latter study were due to the fermentation of substrates other than GOS. Probiotic and NC fermentations mainly induced an increase in acetic and propionic acids. In the absence of the prebiotic, Lab158 did not increase; therefore, it is likely that dominant bacterial groups (Bacteroides-Prevotella or Clostridium cluster XIV) were responsible for this SCFA production. DGGE analysis of the microbial community demonstrated that inter-individual variation played a larger role in the microbial diversity than treatment, with a low similarity between the profiles of the different runs than was seen between different vessels within each run. This corroborated the findings of Simpson et al. (2002) , who evaluated the diversity in faecal samples from dogs fed diets containing two different fibres. DGGE analysis showed few differences as a result of diet, but distinct differences between individual dogs (Simpson et al., 2002) . Although we attempted to minimize factors that may influence the canine gut microbiota such as the breed and the diet of the dogs (Benno et al., 1992; Simpson et al., 2002) , it appears that each individual harbours a unique faecal population as has been shown for humans and pigs (Simpson et al., 2000; Vanhoutte et al., 2006) .
When amplification with primers Bif164-GC-r/Bif662-f was performed after DNA extraction, some of the samples did not generate a PCR product. In agreement with Satokari (2001) , the samples that did not yield a PCR product corresponded to those with low bifidobacterial counts. As such, a nested-PCR approach was used. Bifidobacteria are one of the main target groups for probiotic and/or prebiotic supplementation in mammals, but little is known about the bifidobacterial populations in dogs. Several studies have reported the presence of bifidobacteria in the canine intestinal contents (Beynen et al., 2002; Flickinger et al., 2003a; Mentula et al., 2005) ; however, these studies characterized the microbial groups using selective agars that lack selectivity (Greetham et al., 2002) . In a study conducted by Vanhoutte et al. (2005) , faecal bifidobacteria were not detected after PCR amplification with specific primers even after dogs were fed FOS. The faecal bacterial community is commonly used as a representative of the canine intestinal luminal contents; however, bacteria adhered to the intestinal mucus are neglected (O'Mahony et al., 2009) . In the present study, the bifidobacterial DGGE profiles showed a low diversity across all three runs (i.e. for all three dogs). The observation of a common band in the Bif-DGGE profiles for all samples suggests that there was some consistency regardless of the treatment or the fermentation time. From the sequences obtained from the bands excised from the DGGE gel, it appeared that this common band corresponded to B. longum, although that from the run 2 sample was identified as B. bifidum. Even though a very narrow gradient was used for Bif-DGGE, it cannot be assumed that one band equals to one sequence (Jackson et al., 2000) , particularly in the case of bifidobacteria whose 16S rRNA gene is extremely conserved among members of this genus (Leblond-Bourget et al., 1996) . Moreover, identification of species could be subject to error due to the short lengths of the sequences obtained.
The band observed only in synbiotic samples was identified as B. bifidum, although the mentioned band did not denature at the same position as that corresponding to a pure culture of the probiotic. It therefore seems likely that the synbiotic increased the numbers of other indigenous B. bifidum strains from the canine faecal microbiota. The lack of a band at the same position as that corresponding to the pure culture of B. bifidum 02 450B in the synbiotic systems was unexpected. The bifidobacteria-specific primers used in the present study, however, include many species of bifidobacteria. It may be the case that the levels of B. bifidum 02 450B in the synbiotic system were lower compared with other bifidobacteria species and therefore could not be amplified and hence detected on the gel. Few studies have characterized canine intestinal bifidobacteria using genetic analysis. Kim & Adachi (2007) and Lamendella et al. (2008) found a low incidence of bifidobacteria in dogs, with Bifidobacterium animalis and Bifidobacterium pseudolongum being the species found most frequently. However, these two studies did not report the age, breed or health status of dogs, all factors that may influence bifidobacterial populations. Together with the data from this current study, the results demonstrate low bifidobacterial diversity in canine intestinal contents.
The results obtained from this study indicate that the synbiotic (GOS1B. bifidum 02 450B) induced greater modulation of the canine faecal microbiota in vitro compared with GOS alone. Bifidobacterium bifidum 02 450B growth was stimulated by the prebiotic throughout the fermentation; however, it was not detected by DGGE analysis. The synbiotic also increased the numbers of putative beneficial bacteria and decreased those considered detrimental in the gut microbiota of dogs. Additional research is needed in order to have a clearer picture of the canine gut microbiota and to understand the role played by prebiotics, probiotics and synbiotics in the autochthonous bacterial species of canines.
